











Synthesis of well-defined glycopolymer via hydrophilic RAFT reagent 
 
㇏ᓥ 㞞ᖾ 1) 
 
Masayuki Toyoshima 1) 
 
Abstract : The sugar-protein interaction can be amplified by the multivalency, so-called glycol-cluster effect. Therefore, the glycol-
cluster compounds, such as glycopolymer, dendrimer and calixarene, are the potential candidates to detect the sugar-protein 
interaction. In particular, RAFT living radical polymerization is the applicability to a wide range of monomers and to a diverse 
reaction conditions. In addition, they realize the conjugation of other materials with complex architecture. 
In this study, I designed hydrophilic RAFT reagent via exchanged Na, and synthesized sugar carrying glycopolymers by the living 
radical polymerization with a hydrophilic RAFT. The glycopolymer can control molecular weight, modify label material and expect 
to design the new biomaterials. 
 





















































ࢲ໬Ꮫ, ኱㜰), S-(Thiobenzoyl) thioglycolic acid (ࢩࢢ࣐࢔ࣝࢻࣜ
ࢵࢳ, ⡿ᅜ), 40 nm 㔠ᚤ⢏Ꮚ (⏣୰㈗㔠ᒓ, ᮾி), ࢔ࢡࣜࣝࢡࣟ
ࣛ࢖ࢻ (ᮾி໬ᡂ, ᮾி), p-ࢽࢺࣟࣇ࢙ࣀ࣮ࣝ, ↓Ỉ㓑㓟, Pd/C, 
↓ỈDMF, ↓ỈMeOH, ࣓ࢱࣀ࣮ࣝ, ࢼࢺ࣒࣓ࣜ࢘ࢺ࢟ࢩࢻ 
(㛵ᮾ໬Ꮫ, ᮾி)ࠋ ࢔ࢡࣜࣝ࢔࣑ࢻ (㛵ᮾ໬Ꮫ, ᮾி)ࡣࢡࣟࣟ









ศᏊࡢྠᐃ࡟ࡘ࠸࡚ࡣࠊ᰾☢Ẽඹ㬆⿦⨨  (1HNMR(300 
MHz) (Varian Inova), ࣇ࣮࢚ࣜኚ᥮㉥እ⥺ศගගᗘィ  (IR 
Prestige21, ᓥὠ) ࡟ࡼࡗ࡚⾜ࡗࡓࠋศᏊࡢ⣧ᗘ࡟ࡘ࠸࡚ࡣࠊ
TLC (Merk) ࡟ࡼࡗ࡚ 2 ✀㢮௨ୖࡢΰྜ⁐ᾮ࡟࠾࠸࡚ྠᐃࡋ
ࡓࠋ㧗ศᏊࡢศᏊ㔞࡟ࡘ࠸࡚ࡣ JASCO800 ࢩ࣮ࣜࢬࡢ㧗㏿
ᾮయࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮ࢆ⏝࠸࡚ࠊShodex Ohpac ࡢ SB-803 
HQ ࢆ⏝࠸࡚ PBS(-) ࣂࢵࣇ࢓࣮ࢆ⁐㞳ᾮ࡜ࡋ࡚ ᐃࡋࠊᶆ‽
ศᏊ㔞ࡣࣉࣝࣛࣥࢧࣥࣉࣝࢆඖ࡟ 4 Ⅼ⿵ṇࢆ⾜࠸⟬ฟࡋࡓࠋ
TEM᧜ᙳࡣ H-9000NAR (᪥❧ࣁ࢖ࢸࢡࣀࣟࢪ࣮ࢬ〇) ࡛ࢢࣜ
ࢵࢻ (ᛂ◊ၟ஦〇, STEM150 Cu-A) ࢆ⏝࠸࡚⾜ࡗࡓࠋ 
 
2.2 ྜ ᡂ᪉ἲ 
2.2.1. p-(N-Acrylamido) phenyl D-D-mannosideࡢྜᡂ  
 
D-࣐ࣥࣀ࣮ࢫ (1) (5.00 g, 27.7 mmol) ࢆࣆࣜࢪ  ࣥ(40 mL) ࡟
⁐ゎࡋࠊịᾎ୰࡛↓Ỉ㓑㓟 (44 mL, 466 mmol) ࢆຍ࠼⤊ኪ཯
ᛂࡉࡏࠊTLC ࡛཯ᛂ⤊஢ࢆ☜ㄆᚋࠊࢺ࢚ࣝࣥࢆ⏝࠸࡚ඹἛ
ࡋࡓࠋࡇࢀࢆ㓑㓟࢚ࢳࣝ࡟⁐ゎࡉࡏࠊ1N HCl, 㣬࿴ NaHCO3, 
H2O ࡛ࡑࢀࡒࢀ 2 ᅇὙίࡋࠊ⃰⦰஝⇱ᚋࢩࣜ࢝ࢤࣝࢡ࣐ࣟ
ࢶࢢࣛࣇ࢕࣮(㓑㓟࢚ࢳࣝ: ࣊࢟ࢧࣥ = 2 : 1) ࡟ࡼࡗ࡚⢭〇ࡋ
ⓑⰍࡢ⢊ᮎ (2) ࢆᚓࡓࠋ 
ᚓࡽࢀࡓ 2 (10.7 g, 27.5 mmol) ࡜ p-nitrophenol (11.5 g, 82.5 
mmol), ࣮ࣔࣞ࢟ࣗࣛࢩ࣮ࣈࢫ, ࢪࢡ࣓ࣟࣟࢱࣥࢆ❅⣲᮲௳ୗ
࡛᧠ᢾࡉࡏࡓࠋ2ࡀ᏶඲࡟⁐ゎࡋࡓᚋࠊịᾎ୰࡛ BF3OEt2 (20 
mL, 150 mmol) ࢆຍ࠼ࠊ⤊ኪ཯ᛂࡉࡏࡓࠋTLC ࡛཯ᛂࡢ⤊஢
ࢆ☜ㄆᚋࠊ࣮ࣔࣞ࢟ࣗࣛࢩ࣮ࣈࢫࢆℐ㐣࡟ࡼࡾྲྀࡾ㝖ࡁࠊ
ࢡ࣒࡛ࣟࣟ࣍ࣝᕼ㔘ࡋࡓ⁐ᾮࢆ 1N NaOH, H2O ࡛Ὑίࡋ᭷ᶵ
ᒙࢆ◲㓟࣐ࢢࢿࢩ࣒࡛࢘⬺Ỉᚋࠊ⃰⦰஝⇱ࡉࡏࠊ㯤Ⰽ⢊ᮎ
ࢆᚓࡓࠋࡇࡢ⢊ᮎࢆ㓑㓟࢚ࢳࣝࠊ࣊࢟ࢧ࡛ࣥ෌⤖ᬗࡉࡏⓑ
Ⰽ⢊ᮎ (3) ࢆᚓࡓ (yield 45.0 %)ࠋ 
1HNMR (300 MHz, CDCl3) G = 8.22 (d, 2H, Ar), 7.20 (d, 2H, Ar), 
5.60 (d, 1H, J = 1.8 Hz, H-1), 5.51 (dd, 1H, J = 3.6 Hz, 9.9 Hz, H-3), 
5.44 (dd, 1H, J = 1.8 Hz, J = 3.6 Hz, H-2), 5.36 (t, 1H, J = 9.9 Hz, H-4), 
4.25 (dd, 1H, J = 5.7 Hz, J = 12.3 Hz, H-6-ProR), 4.07 (dd, 1H, J = 2.4 
Hz, J = 12.3 Hz, H-6-ProS), 4.00 (m, 1H, H-5), 2.19 (s, 3H, Ac), 2.00 
(s, 9H, Ac) 
 
3 (215 mg, 0.46 mmol) ࢆNaOH ࡟⁐ゎࡉࡏࠊPd/C ࢆຍ࠼Ỉ
⣲㞺ᅖẼୗ࡟࠾࠸࡚ 2 ᫬㛫ᐊ ࡛཯ᛂࡉࡏࡓࠋTLC ࡛཯ᛂ
⤊஢ࢆ☜ㄆࡋࡓᚋࠊ⃰⦰஝⇱ࡋ㯤Ⰽᅛయ (4) ࢆᚓࡓࠋ4 ࢆ
DMF ࡟⁐ゎࡉࡏࠊịᾎ୰࡛࢔ࢡࣜࣝ㓟ࢡࣟࣛ࢖ࢻ (25PL, 
0.55 mmol) ࢺ࢚ࣜࢳࣝ࢔࣑ࣥ(100 PL, 0.70 mmol) ࢆຍ࠼ࠊ1᫬
㛫཯ᛂࡉࡏࡓࠋTLC ࡛཯ᛂ⤊஢ࢆ☜ㄆࡋࠊ⃰⦰஝⇱ᚋࢩࣜ
࢝ࢤࣝࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮(CHCl3 : MeOH = 20 : 1) ࡟ࡼࡗ࡚
⢭〇ࡋⓑⰍ⢊ᮎ (5) ࢆᚓࡓ (yield 81.0 %)ࠋ 
1HNMR (300 MHz, CDCl3) G = 7.49 (d, 2H, Ar), 7.07 (d, 2H, Ar), 
6.40 (d, 1H, J = 18.0 Hz, H2C = CH), 6.22 (t, 1H, J = 9.9Hz, H2C = 
CH), 5.77 (d, 1H, J = 18.0 Hz, H2C = CH), 5.51 (dd, 1H, J = 3.6 Hz, 
9.9 Hz, H-3), 5.46 (d, 1H, J = 1.8 Hz, H-1), 5.42 (dd, 1H, J = 1.8 Hz, J 
= 3.6 Hz, H-2), 5.36 (t, 1H, J = 9.9 Hz, H-4), 4.25 (dd, 1H, J = 5.7 Hz, J 
= 12.3 Hz, H-6-ProR), 4.07 (dd, 1H, J = 2.4 Hz, J = 12.3 Hz, H-6-
ProS), 4.00 (m, 1H, H-5), 2.19 (s, 3H, Ac), 2.00 (s, 9H, Ac) 
 
5 (150 mg, 0.30 mmol) ࢆ↓ỈMeOH (20 mL) ࡟⁐ゎࡉࡏࠊ
NaOMe (15 mg) ࢆຍ࠼ᐊ ࡛ 1᫬㛫཯ᛂࡉࡏࡓࠋTLC࡛཯ᛂ
⤊஢ࢆ☜ㄆᚋࠊ⃰⦰஝⇱ࡉࡏࠊⓑⰍ⢊ᮎ (6) ࢆᚓࡓ (yield 
98.0 %)ࠋ(Scheme 1) 
1HNMR (300 MHz, D2O) G = 7.35 (d, 2H, Ar), 7.07 (d, 2H, Ar), 6.34 
(d, 1H, J = 18.0 Hz, H2C = CH), 6.28 (t, 1H, J = 9.9Hz, H2C = CH), 
5.77 (d, 1H, J = 18.0 Hz, H2C = CH), 5.46 (d, 1H, J = 1.8 Hz, H-1), 
4.02 (dd, 1H, J = 1.8 Hz, J = 3.6 Hz, H-2), 3.89 (dd, 1H, J = 3.6 Hz, 9.9 
Hz, H-3), 3.63 (t, 1H, J = 9.9 Hz, H-4), 3.59 (m, 3H, H-5, 6) 
 






S-(Thiobenzoyl) thioglycolic acid ࢆ࣓ࢱࣀ࣮ࣝ࡟⁐ゎࡉࡏࠊ
Ỉ࡟⁐ゎࡉࡏࡓ NaHCO3 ࢆ୰ᛶ࡟࡞ࡿࡲ࡛ຍ࠼ࠊࡋࡤࡽࡃ
཯ᛂࡉࡏࡓᚋࠊ⃰⦰஝⇱ࡉࡏࡿࡇ࡜࡛Ỉ࡟࠿ࡼ࠺࡞㉥Ⰽࡢ
⢊ᮎ (7) ࢆᚓࡓ (Scheme 2)ࠋ 
IR (KBr, Q cm-1) : 3394, 3051, 1593, 1437, 1398, 1361, 1230, 1174, 
1097, 1036, 889, 756 
 




ࣔࣀ࣐࣮࡛࠶ࡿࠊp-(N-Acrylamido) phenyl D-D-mannoside (6) 
࡜࢔ࢡࣜࣝ࢔࣑ࢻ (ィ 1.50 mmol) ࡜ Na໬ࡋࡓ RAFT๣ (7) 
(1.6 mg, 7.50 Pmol) ࢆ H2O (1.50 mL)  ࡟⁐ゎࡉࡏࠊ2,2’-Azobis 




⁐ᾮ୰࡟⁲ୗࡋࠊ3000 rpm, 20 ศ㐲ᚰศ㞳ࡋࡓࡢࡕࠊ㏱ᯒࡋ
࡚෾⤖஝⇱ࡉࡏࠊⓑⰍࡢ࣏࣐ࣜ  ࣮(8) ࢆᚓࡓࠋ(Sheme 3) 
1HNMR (300 MHz, D2O) : G 7.35(d, Ar), 7.08 (d, Ar), 5.48 (d, J = 1.8 
Hz, H-1), 4.02 (dd, J = 1.8 Hz, J = 3.3 Hz, H-2), 3.89 (dd, J = 3.3 Hz, J 







㧗ศᏊ (10 mg) ࡜ 40 nm 㔠ᚤ⢏Ꮚ(1 mL) ࢆ㐽ගࡋࡓୖ࡛⤊ኪ




Scheme 3 Polymerization of mannose carrying monomer and preparation of gold nanoparticles with mannose carrying glycopolymer. 
 
Table 1 Polymerization of mannose carrying monomer in the absence of the hydrophilic RAFT reagent. 
Run No. 
Monomera 








(%) (6) Acrylamide 
  1 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 3 10   5,600 1.4   21 
  2 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 6 15   6,700 1.3   18 
  3 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 12 14    6,500 1.4   17 
  4 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 24 22  10,000 1.2    15 
  5 0.030 mmol 0.270 mmol  3 85 190,000 2.7    11 
  6 0.150 mmol 0.150 mmol 1.50 x 10-3 mmol 3 30    6,500 1.4    72 
  7 0.300 mmol  1.50 x 10-3 mmol 3  65   14,000 1.3 100 
  8 0.300 mmol   3  88 250,000 2.2 100 
  9  0.300 mmol 1.50 x 10-3 mmol 3       9.4     4,200 1.4     0 
10  0.300 mmol  3  90 200,000 2.6     0 




 ⢾㙐ࣔࣀ࣐࣮ࡢ⢭ᐦ㔜  ྜ
 
ࣔࣀ࣐  ࣮ : RAFT = 200 : 1 ࡢ๭ྜ࡛ࣔࣀ࣐࣮࡛࠶ࡿ p-(N-



















⃰ᗘ 0.5 mg/mL ࡢ⢾㙐㧗ศᏊ࡛ಟ㣭ࡋࡓ㔠ᚤ⢏Ꮚࡣᆒ୍࡟
ศᩓࡋࠊ㉥⣸Ⰽࢆ࿊ࡋࡓࠋಟ㣭ᚋࡢ≧ែࡣ TEM (Fig. 2) ࡟ࡼ
ࡗ࡚ࡶศᩓࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋࡲࡓ DLS  ᐃ࡟ࡼࡾ
⢏ᚄ 40 nm ࡢ㔠ᚤ⢏Ꮚࡀ 50 + 3 nm ࡟ቑ኱ࡋ࡚࠸ࡿࡇ࡜ࠊ㔠
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